Objective: To determine the neurocognitive deficits associated with newly diagnosed untreated childhood absence epilepsy (CAE), develop a model describing the factorial structure of items measuring academic achievement and 3 neuropsychological constructs, and determine shortterm differential neuropsychological effects on attention among ethosuximide, valproic acid, and lamotrigine.
Childhood absence epilepsy (CAE) is a common pediatric epilepsy syndrome affecting 10% to 17% of all children with epilepsy, 1,2 with onset generally between 4 and 8 years of age. The classic clinical symptoms include frequent staring spells in an otherwise neurologically normal child and generalized 3-Hz spike-wave discharges on EEG. 3 Although previously considered a "benign" epilepsy syndrome with easily controlled seizures that eventually remit, many of these children have significant cognitive and behavioral disability. 4 Studies with small numbers of subjects have reported difficulties in the areas of visual attention and visuospatial skills, 5, 6 verbal learning and memory, 7 and language abilities. 8 The precise nature and severity of pretreatment cognitive impairments are unclear, and it is unknown whether antiepileptic drug (AED) therapy will improve or worsen the dysfunction.
A double-blind, randomized clinical trial (RCT) of 446 children with newly diagnosed CAE compared the efficacy/effectiveness of ethosuximide, lamotrigine, and valproic acid as initial monotherapy. 9, 10 Using this cohort of children with newly diagnosed untreated CAE, this study's primary hypothesis was that ethosuximide, valproic acid, and lamotrigine would exhibit differential short-term effects on attention. This study also examined the nature of attentional and cognitive deficits associated with newly diagnosed CAE, a model of the interaction among neuropsychological constructs (attention, memory, executive function, and achievement), parental ability to detect attentional deficits, and the differential effect of seizure control on attention.
METHODS Subject population. Details of the inclusion/exclusion criteria for the efficacy/effectiveness RCT were previously reported. 9, 10 Key inclusion criteria included clinical diagnosis of CAE, EEG demonstrating generalized 2.7-to 5-Hz spike waves with normal background and at least one burst lasting $3 seconds, and age 2.5 to 13 years at study entry. Key exclusion criteria included treatment for CAE with AEDs for .7 days before randomization and history of major psychiatric disease or autism spectrum disorder. The efficacy/ effectiveness RCT's study cohort provided the baseline cognitive and attentional data for this study. This study's attention RCT cohort used the efficacy/effectiveness RCT cohort with 2 additional exclusion criteria: age 4 years or younger at study entry, and discontinuation on double-blind medication on or before the week-4 visit.
Standard protocol approvals, registrations, and patient consents. The institutional review boards of all 32 sites approved the study. Written parental informed consent and, when appropriate, child assent was obtained from all subjects. The trial was conducted under US Food and Drug Administration-approved Investigational New Drug for the investigation of these AEDs in children with CAE. The study is listed at ClinicalTrials.gov, identifier NCT00088452.
Study design. All children had a baseline visit including a detailed medical history, physical and neurologic examination, a 1-hour video EEG, an age-specific battery of neuropsychological tests, as well as questionnaires on behavior and quality of life. Subjects were randomized in a 1:1:1 ratio to ethosuximide, lamotrigine, or valproic acid. 9, 10 The overall study design was a parallel, randomized, double-blinded study, with partial crossover to open label (at treatment failure only) with subsequent follow-up. This report describes only results from the initial double-blind portion and does not include results from the open-label partial crossover portion. The details of the efficacy/effectiveness RCT design were previously described. 9, 10 Subjects continued receiving double-blind study medication as long as they did not meet any treatment failure criteria. 9, 10 Neuropsychological testing. Baseline neuropsychological evaluation utilized a battery of tests designed to assess overall intellectual ability, educational achievement, learning and memory, attention, and executive functions. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] Because subjects ranged from 2.5 to 13 years, 3 separate age-specific test batteries were used (table e-1 on the Neurology ® Web site at www.neurology.org). Baseline neuropsychological testing was performed either before or within 7 days after study medication start. Parents completed the Child Behavior Checklist (CBCL) 22, 23 parental report. At the week 16-20 visit, subjects were administered only the attention test, Continuous Performance Test (CPT)-II or Kiddie (K)-CPT, described below, and the CBCL.
At each test site, the evaluations were performed under the supervision of a licensed psychologist. The order of test administration was the same at each site. The CPT-II or K-CPT was the first test administered. All paper tests were initially scored at the individual sites and then sent to central scoring. Blinded evaluators performed central scoring. The central scoring supervisor (D.M.) was not a treating provider and was blinded to treatment allocation. Results in this report reflect the central scoring for these tests.
Study hypothesis. The primary hypothesis of the RCT was that there would be a differential effect on attention (as measured by CPT Confidence Index [CI] scores) among ethosuximide, lamotrigine, and valproic acid by the week 16-20 visit in children with newly diagnosed CAE.
Study outcomes and sample size. This RCT's primary outcome was attention as measured by the CI of the CPT-II or K-CPT in study participants 4 years or older at randomization who continued in double-blind therapy past the week-4 visit. A CI $0.60 was considered evidence of clinically significant attention difficulties and corresponds to a 60% probability that the child has a clinical attention deficit disorder. [9] [10] [11] Secondary study outcomes were omission and commission T-scores, each grouped as ,60 (normal), 60-70, and .70. CI, omission T-score, and commission T-score outcomes were prespecified.
The sample size of 446 was designed to detect a 20% difference in freedom from failure rates among the 3 medications at the week 16-20 visit. 9, 10 This sample size could detect a 20% difference in attention dysfunction as measured by a CI of $0.60 in pairwise comparisons among treatment groups, with .80% power while using a Bonferroni correction for multiple comparisons.
Statistical analysis. Baseline neurocognitive test results and their
correlations with the CI were summarized. A confirmatory factor analysis model was used to assess the factorial structure of the neuropsychological constructs of attention, memory, and executive function as well as academic achievement based on the pretreatment tests administered to the subjects aged 6 years and older. Muthén's robust estimator MLR72 was applied for estimation of all the models. 24 Different structural models were used to examine how neuropsychological factors affect academic achievement, and the most parsimonious model, with significance for all path coefficients, was used.
Baseline demographics and neuropsychological test results were compared among treatments within age groups ($6 years, ,6 years), using either an exact x 2 test or analysis of variance (ANOVA) (with treatment as one factor and age stratum as the other factor). Baseline executive function assessments were provided by the software as grouped percentile ranks; distribution of those rank groups between treatment groups was compared using the Kruskal-Wallis test.
Comparisons of CPT CI values between treatment groups were based on data using a dichotomous grouping approach (CI $0.6 vs CI ,0.6). The primary outcome was the CI on the CPT at the week 16-20 visit or at any earlier discontinuation visit occurring after the week-4 visit. Fisher exact test for the pairwise comparisons between treatments groups was performed with a Bonferroni correction, as well as an overall exact x 2 test including all 3 treatments. Secondary analyses included an exact x 2 test for a change in grouping (improved from CI $0.6 to CI ,0.6, stayed the same, or became worse). Secondary descriptive analyses explored changes within the subgroup with CI $0.60 at baseline. To examine gradients of attention change, CPT data were also analyzed as a continuous variable. ANOVAs compared the CI actual values between the 3 treatment groups at the week 16-20 visit and the changes from baseline to the week 16-20 visit; analysis of covariance adjusted for baseline attention values. Because of the potential impact of sex on attention, 25 the above analyses were also performed controlling for sex using the Cochran-Mantel-Haenszel test along with the Breslow-Day test for homogeneity of odds ratios for categorical variables and analysis of covariance adding sex as a factor for continuous variables. Pearson correlations were calculated between the CI and the 2 attention scales on the CBCL, and a McNemar test assessed agreement between the CBCL and the CI, using CBCL .70 as a cutoff for grouped CBCL results.
All analyses were performed using SAS version 9.3 (SAS Institute, Cary, NC), StatXact version 8.0 (Cytel Inc., Cambridge, MA), and Mplus 5.273. 26 A p value of ,0.05 was considered significant, with a Bonferroni correction for the primary outcome analyses.
RESULTS
Patient population. For baseline neuropsychological data analysis, all 446 eligible children enrolled in the efficacy/effectiveness trial 9 were included. For the attention RCT analysis, the 393 children aged 4 years or older at study entry who continued in double-blind therapy past the week-4 visit were included as the intentto-treat group. Baseline cognitive functioning. Performance rates for baseline tests ranged from 90% to 96% for all tests except the computerized Wisconsin Card Sorting Test (76%) for which some study sites had technical difficulties. The cohort demonstrated intellectual ability, educational achievement, learning, and verbal memory within the normal range with no differences across age strata (table 1) . Visual memory results were within the lower part of the average range. The percentage of subjects achieving the .16th percentile for the number of trials to achieve success in the first category (63%) and number of categories successfully achieved (69%), both measures of executive function, is lower than would be expected of a healthy control group (84%). A total of 408 of 446 subjects (91%) completed baseline CPT evaluations (table 1) . Overall, 36% had a CI of $0.60. Omission errors at baseline predominated over commission errors. Correlations between the CI and the other parameters in table 1 were low to moderate, with the largest correlation, r 5 20.44, being between the CI and Full Scale IQ. Correlations were similar in the $6 and ,6 years subgroups.
No difference was noted in baseline results between subjects tested before study drug was started and those tested during the week after randomization.
Baseline confirmatory factor analysis and structural equation modeling. Factor analysis confirmed that the neuropsychological test variables loaded with the expected construct (figure 1). All factor loadings except one (commission T-score on Attention) were .0.40 and statistically significant. Factors of Memory, Executive Function, and Achievement were highly correlated with each other, and ranged from r 5 0.65 to r 5 0.77, while Attention was moderately correlated with other factors, and ranged from 0.31 to 0.39. The confirmatory factor analysis model established a good measurement model for further structural equation modeling.
In the structural equation modeling, the more parsimonious model was a sequential model (figure 1), in which Attention affected Memory (path coefficient 0.413, standard error [SE] 5 0.072, p , 0.001); Memory affected Executive Function (0.853, SE 5 0.098, p , 0.001); and Executive Function affected Achievement (0.814, SE 5 0.052, p , 0.001). Although Memory and Attention did not have direct effects on Achievement, Memory affected Achievement through Executive Function (0.695, SE 5 0.10, p , 0.001); and Attention affected Achievement through Memory and then Executive Function (0.287, SE 5 0.081, p , 0.001). Overall, this model fit the data well.
RCT attentional results. Among the attentional RCT trial cohort (figure 2) there were no significant demographic or neuropsychological test result differences between treatment groups at baseline except for higher scores in the lamotrigine cohort on the spelling subtests of the Wide Range Achievement Test 3 (WRAT-3) (tables 2, 3, and e-2). The lamotrigine cohort had slightly better performance on the reading and arithmetic subtexts of the WRAT-3 and the Peabody Picture Vocabulary Test (table e-2). The baseline CI scores for the treatment groups (mean 6 SD) were as follows: ethosuximide 0.56 6 0.24; lamotrigine 0.52 6 0.24; and valproic acid 0.58 6 0.26 (overall ANOVA p 5 0.16).
Primary outcome CPT data were available for 83% (326/393) of this RCT cohort (table 3) . Overall, 49% of subjects on valproic acid had a CI of $0.60, compared with 32% of subjects on ethosuximide (p 5 0.02) and 24% on lamotrigine (p 5 0.0003), with no significant differences between the ethosuximide and lamotrigine cohorts. This differential valproic acid effect was detected regardless of the presence or absence of adverse events at the time of CPT testing. Among the subgroup of patients with CI $0.60 at baseline, only 26% (10/ 38) of those on valproic acid improved to CI ,0.60, while 43% and 47% improved on ethosuximide and lamotrigine, respectively, with no differences based on seizure freedom status. Omission T-scores at the week 16-20 visit showed more subjects on valproic acid with omission T-scores .70 than on the 2 other treatments (p 5 0.001), with no differences in commission T-scores (table 3) .
At the week 16-20 visit, adjusting for age group and sex, subjects on valproic acid had higher (worse) mean CI than subjects on either ethosuximide or lamotrigine (table e-3, p , 0.0001). Similarly, subjects on valproic acid had higher (worse) omission T-scores compared with the 2 other treatments; commission T-scores were comparable among the 3 medications. Subjects in the valproic acid cohort had worsening CI scores from baseline to the week 16-20 visit whereas subjects in the ethosuximide and lamotrigine cohorts had improving CI scores (table e-3, p , 0.001).
Both in the overall RCT attention cohort and within treatment groups, there were no differences in CI scores between seizure-free subjects and those with ongoing seizures at the week 16-20 visit. CPT and CBCL correlations. In the RCT attentional cohort, correlations between attention problems as assessed by parental CBCL report (Attention Problems Scale, DSM-IV Attention Scale) and the CPT CI were 0.26-0.27 for both the baseline and week 16-20 visits. Among the subjects whose CI was $0.60, either at baseline or at week 16-20 visit, 73%-89% of parents assessed their child's attention problems on the CBCL subscales at less than the clinical cutoff of 70 (McNemar test, p , 0.0001 in all comparisons). Thus, the majority of parents did not identify an attention problem when an attention problem existed.
DISCUSSION This study demonstrates the magnitude of attention problems in the CAE population, the impact of these deficits on academic achievement (despite otherwise apparent intact cognitive parameters), their persistence despite subsequent seizure freedom, the difficulty in their detection by parents, and the differential effects of AED therapy. Although some of these findings were suggested by previous smaller studies of mixed seizure populations including treated subjects, 4, 27, 28 this constellation of findings in this large, well-characterized, prospective cohort highlights the subtle but profound nature of this attentional comorbidity. Despite average intellectual ability, 35% of children with newly diagnosed, untreated CAE demonstrated the presence of clinically significant attention problems, approximately 4-fold that observed in the general population. 29, 30 These data suggest that problems with attention are a potentially serious comorbidity of CAE, and appear to exist without a more global neurocognitive deficit being identified. The persistence of the attentional problems despite successful treatment that included not just clinical seizure freedom but absence of any burst of spike and wave lasting $3 seconds suggests that attentional problems are a core feature of CAE and not simply a result of the frequent absence seizures. This is consistent with a report of a high rate of cognitive and behavioral deficits in a smaller study of 56 young adults with a history of absence seizures. 4 Our findings demonstrate a selective and robust pattern of deficits typically associated as an inattentive rather than hyperactive form of attention deficit. There were a disproportionate number of omission errors relative to commission errors, suggesting that children had a greater tendency to lose focus on the task rather than respond in an impulsive manner. A previous report of 75 children with idiopathic epilepsy (47% generalized, 84% on therapy) found a higher rate of attentional problems with the inattentive type being more common. 27 The CBCL has been shown to discriminate between different levels of emotional dysregulation in attention deficit hyperactivity disorder (ADHD), but with greater success in those defined as having severe dysregulation. 31 The sensitivity of the CBCL seems greatest when the behaviors are more extreme. This is consistent with our proposed explanation that the low rate of parental identification of attention problems was the result of an inability to observe the inattentive (subtle) behaviors that predominated in children with CAE.
While pretreatment academic/intellectual performance, memory, and language were within the average range, deficits in attention nevertheless affected cognitive performance. This was confirmed by findings from the structural equation modeling, whereby attention clearly had a direct effect on memory, which in turn exerted effects on both executive function and academic achievement. These findings indicate that despite ostensibly average neuropsychological functioning, attention deficits in children with CAE have an important impact on learning and achievement. These findings are consistent with a study of 52 children with epilepsy (42% with generalized epilepsy, 77% on therapy) that found neurobehavioral comorbidities at epilepsy onset were a major marker of abnormal cognitive development. 28 Although children may become seizure-free with a normalized EEG, attention deficits persisted even with the use of the most efficacious medication. Prior studies have shown that AEDs in and of themselves affect cognition. 32, 33 In the current study, valproic acid affected attention more than either lamotrigine or ethosuximide. This highlights the importance of considering both cognitive and seizure outcome when evaluating optimal initial therapy.
Although the CPT has marginal utility in detecting behavioral characteristics of ADHD, 34 the vast majority of studies have found the CPT to be an important and useful tool for not only demonstrating attention deficits in specific childhood disorders such as asthma 35 and fetal alcohol syndrome, 36 but also as a psychometric instrument for the detection of neural processing deficits in children with ADHD. 37, 38 Our current understanding suggests that in the majority of these children, seizures will remit in adolescence and they will enter adulthood seizure-free off medications. 39, 40 Less is known about what happens to the attentional difficulties and whether academic achievement worsens. A limitation of this study is its inability to address whether the presence of a baseline attention problem is associated with a worse long-term seizure prognosis. As we follow this cohort, we hope to be able to distinguish between medication effect and neurocognitive impairment specifically attributable to CAE. In the meantime, clinicians should be aware of the high rate of attentional problems in children with CAE even when seizures are fully controlled. Continued monitoring of cognitive performance is of particular significance in this population, and may provide important information regarding future treatment and educational planning.
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